Introduction: Intravitreal injection of therapeutic medications has become one of the most commonly performed procedures in ophthalmology. Over the past decade, a number of guidelines have been published that recommend proper techniques to increase the safety of intravitreal injections. In this course, we teach and practice the skills necessary to perform safe intravitreal injections. Methods: The course was developed for first-year ophthalmology residents and was designed to be delivered in one 2-hour session. Associated materials include guidelines for faculty facilitators and residents to prepare them for safe intravitreal injection of therapeutic medications. Also included are a slide presentation, wet-lab practice guidelines, and an evaluation form. Results: Learner response has been universally very positive. Residents (N = 15) have reported that structured lectures with practice in the wet lab improved their skill for intravitreal injection of therapeutic medication. Discussion: Overall, we found that our curriculum improved learner knowledge about safe intravitreal injections and learners' self-assessed confidence in the three objectives of the curriculum.
Introduction
Intravitreal injection of therapeutic agents has become one of the most commonly performed procedures in ophthalmology. Over the past few years, a number of guidelines have been proposed for proper techniques to increase the safety of intravitreal injections. It is important to teach residents the proper skills for this procedure. This course is designed to introduce ophthalmology residents to the skills necessary to perform intravitreal injections. Through didactic lectures, learners are introduced to the clinical indications and contraindications for intravitreal injections (including risks and benefits). Learners become familiar with the steps of intravitreal injections, have the opportunity to practice in wet lab, and finally observe and perform intravitreal injections on patients in the retina clinic.
Methods
The target audience for this module includes first-year ophthalmology residents, but second-and thirdyear residents and fellows may also benefit. The module assumes that learners have basic knowledge of ocular anatomy. The curriculum is held over a 2-hour period, which includes both the pre-and posttest, lecture, and skills practice session. This course is held annually at the beginning of the academic year at our institution.
Instructors should review the instructor guide (Appendix A) prior to the session to ensure adequate understanding of and familiarity with the material. Teaching points to accompany the lecture slides
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 OPEN ACCESS (Appendix B) are provided within the instructor guide. Sufficient numbers of pre-and posttests (Appendix D) should be printed for the class. Instructors should make sure they have the required materials for the wet-lab session (Appendix C).
The session starts with a pretest followed by a didactic lecture on safe intravitreal injection of therapeutic medication.
The topics of the didactic lecture include the common indications for intravitreal injections, common intravitreal medications, general considerations, guidelines for intravitreal injections, and injection protocols. After completing the lecture, the instructor and the audience go to the wet lab to practice the basic steps of intravitreal injection of therapeutic medication in pig eyes. At the end, the instructor evaluates the intravitreal injection technique in the wet lab and administers the posttest.
The appropriate sequences of steps are as follows:
1. Either a surgical mask should be used or providers should minimize speaking during the injection preparation and procedure.
2. Take a procedural time-out to verify patient, agent, and laterality.
3. Apply two or three sets of topical anesthetic drops or gel to the ocular surface or perform a subconjunctival injection of anesthestic.
4. Apply povidone-iodine (5%) to the ocular surface to remove the gel from the ocular surface.
5. (Optional:) Mark the location of injection: 3.5 mm posterior to the limbus for pseudophakic and 4.0 mm posterior to the limbus for phakic patients. The hub of a tuberculin syringe (without needle attached) can be used to mark 3.5-4.0 mm, or calipers can be used to mark the injection site. Then, apply povidone-iodine (5%) to the conjunctival surface, including the intended injection site, and wait for at least 30-60 seconds before injection.
6. Insert the needle perpendicular to the sclera, 3.5 to 4.0 mm posterior to the limbus (depending on the statue of the lens), between the vertical and horizontal rectus muscles.
7. Rinse the injection site with copious balanced salt solution.
After practicing in the wet lab, the residents have the option to observe the instructor performing intravitreal injection on an actual patient (about 20 minutes). Then, the residents get the opportunity to perform safe intravitreal injection under direct supervision and assistance of the instructor (about 10 minutes per patient).
The residents should complete the pretest and posttest, while the evaluation form should be completed by the instructor as follows:
1. Evaluation of the intravitreal injection technique in the wet lab.
2. Five evaluations after first five intravitreal injections.
3. One evaluation after 20 intravitreal injections.
Final evaluation after 40 intravitreal injections.

Results
The use of intravitreal injection as a means of delivering intraocular therapeutics has grown dramatically over the past decade, and it is important all ophthalmology residents feel comfortable with this technique. There are five residents per class, for a total of 15 ophthalmology residents per year, at the University of Washington. Since its introduction in 2016, the course has been rated very useful fir learning and practicing intravitreal injections.
We surveyed our first-year residents by mid-academic year before and after the course and practice in the wet lab and had them rate their experience on a scale of 1-10 (1 = not at all confident, 10 = totally confident) with the following questions: Our results show that the instructional courses with practice in the wet lab significantly increased resident confidence in performing the intravitreal injection (2.75 ± 1.50, p = .01). Also, resident confidence in preparing the patient for intravitreal injection improved after the wet lab (p = .092), and confidence in explaining the risk of intravitreal injection to the patient improved after the course (2.25 ± 1.50, p = .058).
Residents commented that having the structured lecture at the beginning of the first year of residency familiarized them with clinical indications and contraindications for intravitreal injections, as well as with the steps of intravitreal injections, and that practicing the basic steps of intravitreal injections in the wet lab improved their skills before performing the procedure on actual patients.
Qualitative feedback on the course included the following comments:
"I believe that the wet-lab was very useful. We received a lecture with valuable information that we had not formally learned. I think it is nice to have standardized teaching on intravitreal injections and to be able to practice on pig eyes. Even for those who have done multiple injections, it was a safe environment to practice. We also got individual instruction and feedback from the instructors." "I thought that this wet-lab was excellent. This should be repeated every year as it gives everyone a basis . . . to work with and a foundation upon [which] adjustments can be made if another provider prefers a slightly different technique." "The PowerPoint is quite thorough and helpful, and . . . being able to practice once or twice on the model would be very helpful for the first-year residents." "Wet-lab was extremely helpful in breaking down each step of the process and highlighting the most important steps. Very important for efficient clinical functioning." "The PowerPoint presentation has great information regarding the indications and special considerations to consider, as well as a helpful collection of injectable medications to keep as a reference sheet. The lab-based portion was helpful to review the best techniques for injection. Overall, this is probably most helpful for the first years, but also a good review for other classes as well."
Discussion
Intravitreal injection of therapeutic medications has become one of the most commonly performed procedures in ophthalmology. Our first-year residents did not feel comfortable performing intravitreal injections towards the end of their first year of residency. Structural training has been shown to improve procedural skills and patient safety. Participating in a didactic lecture on intravitreal injection technique, practicing in the wet lab, and observing and performing intravitreal injections under direct supervision of the attending may improve the skills of intravitreal injections performed by residents and decrease the risk of complications.
From the feedback we have received from the first-year residents, the structural lecture followed by practicing the steps of intravitreal injection in the wet lab would be optimal. Ideally, each resident would perform multiple injections in the wet lab prior to observing and practicing the safe intravitreal injection on real patients.
Overall, we found that our curriculum improved learner knowledge about safe intravitreal injections and learners' self-assessed confidence in the three objectives of the curriculum. While pig eyes were selected as cost-effective ways to help facilitate learning skills involved with intravitreal injections, other models such as tomatoes also can be used to practice. Models for ophthalmic procedure simulation are in constant development, so in the future, this curriculum may be modified should an improved, cost-effective laser model be found.
Given the unanimous feedback from our learners, we feel that this course is valuable in improving learner knowledge and confidence in performing intravitreal injections. We plan on continuing to hold this training session every year with an emphasis on ensuring participation from the newest residents and encouraging more senior residents to consider refresher course participation.
